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DESIGN AND DEVELOPMENT OF PLATINUM AND RUTHENIUM METAL 
SUPPORTED CATALYSTS FOR SELECTIVE ORGANIC TRANSFORMATIONS  
 
 
The thesis mainly deals with the design and development of platinum and 
ruthenium metal supported catalysts, and their application for selective organic 
transformations.  
The first chapter mainly deals with the importance and applications of 
heterogeneous catalysts, zirconia (ZrO2), modified zirconia such as sulphated zirconia 
(SO42--ZrO2), mixed metal oxides (Magnesium-Lanthanum mixed oxide) and 
nanomaterials, which are used as supports as well as catalysts. A brief introduction about 
their structure, size, shape and their applications in organic transformations is presented. 
Importance of nanocrystalline materials in catalysis for selective organic transformations is 
described. The need and development of cleaner and greener alternative technologies using 
truly heterogeneous catalytic systems in the synthesis of pharmaceuticals and fine 
chemicals is also described. Chapter 2 is divided into two sections. Section A deals with 
the preparation and characterization of platinum supported on zirconia and its application 
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for the reductive acylation of nitro compounds. Section B deals with synthesis of N-Boc 
protected amines from azides in one-pot using Pt(0)/ZrO2 catalyst. Chapter 3 deals with the 
preparation and characterization of sulphated zirconia catalyst and its application for 
acylation of alcohols, phenols and amines under solvent free conditions, In Chapter 4 the 
preparation and characterization of ruthenium nanoparticles stabilized magnesium oxide by 
ionic liquids. The application of this catalyst for selective transfer hydrogenation reaction 
of carbonyl compounds to alcohols is also described. Chapter 5, describes the preparation 
and characterization of ruthenium supported magnesium lanthanum mixed oxide catalyst 
and its application for oxidation of alcohols.  
 
CHAPTER-I: Introduction 
This chapter describes the various catalyst/process options available for an 
industrial chemist to effect different organic transformations. It includes a brief 
introduction of homogeneous catalysis, heterogeneous catalysis, nanomaterials and 
nanocatalysis. The importance and the need for the design and development of 
environmentally cleaner catalytic methodologies is also highlighted. This chapter also 
describes about nanocrystalline magnesium oxide, zirconia (ZrO2), sulphated zirconia 
(SO42--ZrO2) and magnesium-lanthanum mixed oxides. 
 
CHAPTER-II: Synthesis and Characterization of Platinum Supported Zirconia 
Catalyst and its application for the synthesis of Acetanilides from Nitroarenes, N-
(butoxycarbonyl)-amines from Azides. 
 
In this chapter, the preparation of Pt(0)/ZrO2 catalyst and characterization of the 
catalyst by X-ray powder diffraction, XPS, transmission electron microscopy, hydrogen 
chemisorption, FT-IR and SEM-EDX analysis is described. The reductive acylation of 
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nitro compounds, synthesis of N-Boc protected amines from azides in one-pot using 
Pt(0)/ZrO2 catalyst is also described.  
This chapter is divided into two sections. 
 
Section A: Synthesis and Characterization of Platinum Supported Zirconia Catalyst 
and its application for Reductive Acylation of Nitro Compounds 
Anilides and anilines are industrially important intermediates for several pharmaceuticals, 
agrochemicals, dyes, herbicides, pigments, surfactants, pesticides, cosmetics and polymers. 
Reduction of nitro compounds to their corresponding amines is an important 
transformation in synthetic organic chemistry, and protection of primary amines with a 
suitable group plays major role in multistep synthesis. The classical route practiced in 
industry for the production of anilines involves the reduction of nitroarenes employing 
stoichiometric amounts of iron powder in the presence of hydrogen source, protic acid HCl 
or acetic acid. In general, the preparation of N–arylacetamides involves two steps, i.e. 
reduction of nitroarenes to N-arylamines followed by the acylation of N-arylamines to the 
corresponding anilides (N-arylacetamides). The conversion of nitroarenes to their 
corresponding acetanilides in a one-pot reaction is also an important tranformation in 
organic chemistry under homogeneous conditions.  The acetanilides and other type of N-
arylamide derivatives such as N-aryl chloroacetamides are useful for the synthesis of 
oxyindoles via the intermolecular Friedel-Crafts reaction. 
In this section, one-pot synthesis of anilides from nitro compounds with molecular 
hydrogen as hydrogen source in the presence of an anhydride to afford the corresponding 
anilides (Scheme 1) in good to excellent yields at ambient temperature using platinum(0) 
supported  zirconia (Pt(0)/ZrO2) as catalyst was described. 
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R= I, Cl, Br, F, OH, CH3, OCH3, CHO, COOH, NH2 
Scheme 1. 
The reaction proceeded well at room temperature in methanol in the presence of 
hydrogen followed by acetic anhydride. After the reaction conditions were optimized, the 
scope was extended to different aromatic nitro compounds, Scope of the study with various 
anhydrides as protecting agents for insitu generated amine group is also described.  
In conclusion, A convenient, simple, efficient method for the reduction of aromatic 
nitro compounds to amines using molecular hydrogen followed by protection of amines 
with acetic anhydride to give the corresponding N-acyl amines was developed in a single 
pot by using Pt(0)/ZrO2 catalyst. The catalyst can be conveniently recovered and reused. 
This methodology may find widespread use for the preparation of N-acyl amine 
derivatives. 
Section B: Platinum Supported Zirconia Catalyst for One-Pot Synthesis of N-
(butyloxycarbonyl)-amines from Azides. 
N-Boc protected amines are industrially important intermediates for several 
pharmaceuticals, agrochemicals, dyes, manufacture of herbicides, pigments, surfactants, 
pesticides, cosmetics and polymers. Reduction of azides to their corresponding amines is 
an important transformation in synthetic organic chemistry and protection of primary 
amines with a suitable group plays major role in multistep synthesis.  
NHAc
R
NO2
R
i) Pt/ZrO2, Methanol
ii) Acetic anhydride,  r.t
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The reduction of azides to amines is an important and widely practiced reaction in 
organic synthesis. It is especially useful because of the ease of synthesis and high 
stereoselectivity associated with the preparation of the precursor azides and the reduction 
represents a pivotal step in a stereoselective sequence for the preparation of amines. 
Azides, which have proven to be useful precursors for amines in chemical synthesis, can be 
introduced by displacement of a suitable nucleofuge or direct conversion of an existing 
amine by a diazotransfer reaction. Furthermore, azides are resistant to many reaction 
conditions and can be easily reduced to amines either generally (hydrogenation, metal 
hydrides, etc.) or orthogonally (Staudinger reaction).     
Substitution of a leaving group by the azide anion, reduction of the azide to an 
amine, and protection of the amine as tert-butoxycarbamate (R-NH-Boc) is a standard 
process in organic synthesis; Boc is among the most common protecting groups for 
amines, amino acids, and other nitrogen compounds. To save time and to avoid secondary 
reactions or losses of material during the isolation of certain amines, the reduction and 
protection steps are frequently performed in one-pot. 
In the present section, the synthesis of N-(tert-Butoxycarbonyl)amines via  efficient 
reduction of organic azides to amines using molecular hydrogen followed by protection of 
amines with di-tert-butyl dicarbonate in single pot using Pt(0)/ZrO2 catalyst  (Scheme 2.) 
was described. 
 
 
 
 
Scheme 2. 
R
N3
R
NH-BocH2 atm, Boc2O
MeOH, r.t.
R=Phenyl, Benzyl,Cyclohexyl
Pt(0)/ZrO2
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Highlights of the present process are:  
 One-pot synthesis of anilides from nitro compounds.  
 This catalyst has the several advantages over conventional approach, viz., and easy 
separation of catalyst by simple filtration, zero emission of effluents and more over 
its non-corrosive nature. 
CHAPTER-III: Synthesis and Characterization of Sulphated Zirconia and its 
Application as Catalyst for Acylation of Alcohols, Phenols and Amines   
In the present chapter, synthesis and characterization of sulphated zirconia (SZ) catalyst 
and the acylation of alcohols, phenols and amines in the presence of acetic anhydride as 
acylating agent under solvent free conditions by using sulphated zirconia catalyst was 
described.  
Sulphated zirconia prepared by the treatment of a high surface area zirconia (320 
m
2 g-1) with 1N H2SO4 shows a strong acidity after calcinations at 893 K. It is comparable 
to that of zeolites, with an enthalpy of adsorption of NH3 close to 130 kJ mol-1. The 
isotherm of N2 adsorption at 77 K on the sulphated zirconia shows characteristic of 
mesoporous solid having surface area about 125 m2 g-1, and pores of 4 nm as determined 
applying the BJH method. The sulphated zirconia obtained by sulphation has 14.5 wt.% S 
just after oven drying and 1.8 wt.% S after calcination at 893 K. The X-ray diffraction 
pattern of the calcined sample shows the presence of an intensive peak at 2θ = 30 
characteristic of the tetragonal structure. This solid acid is applied to the acylation of a 
variety of phenols, alcohols and amines with acetic anhydride as an acylating agent under 
solvent free conditions (Scheme 3). 
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R -X H + A C 2 O R -X A c
X =  O , N H
R =  2 -n a p h th y l ,  p -b ro m o p h e n y l ,  p -a c y lp h e n y l,  p h e n y l
b e n z y l,  c y c lo p e n ta
S u lp h a te d  Z irc o n ia
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Scheme 3. 
In conclusion, Benzyl, primary, secondary, cyclic alcohols, sterically hindered, 
electron deficient phenols and amines are efficiently acylated under solvent free conditions 
using acetic anhydride as acylating agent in the presence of catalytic amount of sulphated 
zirconia. 
This present catalyst has the following advantages: 
 High catalytic activity under very mild conditions.  
 Use of inexpensive solid acids and no need of additives or ligands. 
 Easy separation of the catalyst by simple filtration and reusability. 
 
CHAPTER-IV: Synthesis and Characterization of Ruthenium Nanoparticles 
Stabilized on Nanocrystalline Magnesium oxide by Ionic Liquids and its Catalytic 
Activity for Transfer Hydrogenation of Carbonyl Compounds 
 In this chapter the preparation and characterization of ruthenium nanoparticles 
stabilized nanocrystalline magnesium oxide by ionic liquids, and its use in the transfer 
hydrogenation of carbonyl compounds in 2-propanol/KOH was described (Scheme 4). 
O OH
O
0.1 M KOH in
2-propanol
Ru(0)-CHNAP-MgO,
82 oC
+
 
Scheme 4. 
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Various magnesium oxide crystals [commercial MgO, CM-MgO (SSA: 25 m2 g-1), 
conventionally prepared MgO, CP-MgO (SSA: 252 m2 g-1), and aerogel-prepared MgO, 
NAP-MgO (SSA: 590 m2 g-1)] were used as supports. The catalysts were prepared by 
treating various magnesium oxide crystals with choline hydroxide in dry THF. After 
filtration and washing several times with dry acetone, the CH-NAPMgO was stirred with 
aqueous RuCl3 solution at 25 ºC for 24 h. The solid was filtered, washed with deionized 
water, acetone and dried overnight at 110 ºC to obtain Ru(III)-CHNAP-MgO. The final 
catalyst, Ru(0)-CHNAP-MgO was obtained by reduction of the solid at 280 ºC for 4h in a 
flow of H2. Among these catalysts, the catalyst prepared from choline hydroxide supported 
NAP-MgO is found to be active in selective transfer hydrogenation of aromatic ketones. 
These catalysts were characterized by X-ray powder diffraction, XPS, transmission 
electron microscopy, hydrogen chemisorption and SEM-EDX analysis.   
The catalysts Ru(0)-CHCP-MgO, Ru(0)-CHCM-MgO and the ruthenium catalyst 
without choline hydroxide(CH), Ru(0)-NAP-MgO afforded 81 %, 65 % and 64% yields 
after 6 h. The best result was obtained with the catalyst Ru(0)-CHNAP-MgO (95%). NAP-
MgO is purely ionic and has a three-dimensional polyhedral structure which, having the 
presence of high surface concentrations of edge/corner and various exposed crystal planes 
(such as 0 0 2, 0 0 1, and 1 1 1), leads to inherently high surface reactivity per unit area. 
The NAP-MgO has (i) Mg2+ sites of the Lewis acid type, (ii) O2- sites of the Lewis base 
type, (iii) lattice bound hydroxy groups, (iv) isolated hydroxy groups and (v) anionic and 
cationic vacancies. The CM-MgO (SSA: 25 m2 g-1) samples are generally large cubic 
crystals, on the other hand CP-MgO (SSA: 252 m2 g-1) samples are thin hexagonal platelets 
about 150 nm long and 10 nm thick having large exposed areas of the (1 0 0) crystal face. 
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Thus, NAPMgO did indeed display the highest activity compared to CP-MgO and CM-
MgO. The Ru(0)-NAP-MgO catalyst without choline hydroxide showed rapid deactivation 
during recycling, which may be due to leaching of the active species during reaction. A 
strong synergistic effect between the ruthenium nanoparticles and CHNAP-MgO was 
observed. Ruthenium nanoparticles are distributed on the outer surface by a combination of 
strong electrostatic interaction and coordination between CH of surface functionalized 
CHNAP-MgO. Choline hydroxide not only acts as surface functionalizing agent but also 
stabilizes the metal nanoparticles. 
 
Highlights of present method are: 
 Various ruthenium supported magnesium oxide catalysts were prepared by using 
RuCl3 precursor. The obtained catalysts are thoroughly characterized by XRD, IR, 
TEM, XPS, H2 chemisorption.  
 Among these catalysts, the catalyst prepared from choline hydroxide supported NAP-
MgO showed high activity in the transfer hydrogenation of carbonyl compounds and 
chemoselective hydrogenation of citronellal and α,β-unsaturated carbonyl 
compounds. This is attributed to highly dispersed ruthenium nanoparticles. 
 The present catalytic system provides easy separation of the catalyst by simple 
filtration, reusable for several cycles with consistent activity.  
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CHAPTER-V: Design and Development of Ruthenium Supported Magnesium-
Lanthanum Mixed Oxide Catalyst for Oxidation of Alcohols to Carbonyl Compounds 
using Molecular Oxygen as Oxidant. 
In the present chapter, synthesis of ruthenium supported on magnesium-lanthanum oxide 
catalyst and its characterization by XRD, H2 chemisorption, transmission electron 
microscopy, XPS and SEM-EDX analysis is described. The oxidation of various benzyl, 
aliphatic, aromatic, primary, secondary alcohols using ruthenium supported magnesium-
lanthanum mixed oxide (Ru/Mg-LaO) catalyst was also described (Scheme 5.). 
R' R"
OH
R' R"
O
Ru/Mg-LaO
Toluene, O2
R', R" = aryl, alkyl, H;
 
Scheme 5. Aerobic oxidation of alcohols by using Ru/Mg-laO Catalyst 
The Mg-La mixed oxide was prepared by co-precipitation of Mg and La nitrates 
(0.386 and 0.129 mol, in water 0.5 L, for an atomic ratio Mg/La=3) at a constant pH= 10 
using a mixture of KOH (1 mol) and K2CO3 (0.26 mol) in 0.52 L of distilled water. The 
sample was activated at 923 K in airflow, using a temperature ramp of 10 K/min. Just 
before use, they were reactivated at 773 K in air and not rehydrated. The composition of 
magnesium-lanthanum mixed oxide is 39.8% La, 5.4% K, 37% H2O analyzed by ICP 
analysis. The powder XRD pattern of the unclacined mixed oxide showed the diffraction 
lines of a hydrated lanthanum carbonate and magnesium and lanthanum hydroxides. This 
triphasic solid probably consisted of a layer of lanthanum oxide deposited on magnesia. 
This mixed oxide is macroporous and shows a surface area of 37.6 m2 g-1 after calcination 
at 923 K for 5hours. 
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The calcined sample of magnesium-lanthanum mixed oxide was stirred with RuCl3 
of freshly prepared deionized water at 298 K for 24 h under nitrogen atmosphere. The 
catalyst was filtered, washed with deionized water, acetone oven dried overnight at 383 K 
in an oven. The prepared Ru/Mg-LaO catalyst was grey in color and from the elemental 
analysis the ruthenium content was found to be 1.0 m mol/g (Ru content: 10.18 wt %). The 
prepared catalyst was fully characterized by using various instrumental techniques such as 
powder XRD, SEM-EDX, TPR and XPS (X-ray photoelectron spectroscopy). The 
temperature programmed reduction (TPR) profile of the Ru catalyst shows 4 peaks, 
corresponding to different Ru species. The high temperature peak at about 750 K, linked to 
a very stable Ru species, is assigned to the oxychloride, and the low temperature peak to 
Ru cations well dispersed at the surface. The peak at about 500 K has been assigned by 
many authors to the reduction of RuO2. These peaks are assigned to the reduction of Ru3+ 
and Ru4+
 
oxides. The TEM images of the fresh and used catalysts show a high dispersion 
of Ru species. Ruthenium supported on acidic silica or on weak solid bases such as Al2O3, 
MgO and TiO2 catalysts were also prepared by wet impregnation method.  
The oxidation of alcohols in oxygen atmosphere on different supported ruthenium 
catalysts has been performed with the non reduced catalyst at 80 ºC. Ruthenium supported 
on acidic silica or on weak solid bases such as Al2O3, MgO and TiO2 afforded low yields 
reaching 45%, 40%, 36% and 22% yields respectively after 4 hours. Among these 
catalysts, ruthenium supported magnesium-lanthanum mixed oxide is found to be active in 
oxidation of various benzyl, primary and secondary alcohols to their corresponding 
carbonyl compounds. The efficiency and stability of this newly established catalytic 
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system was examined in detail with 1-phenylethanol as substrate. Oxidation proceeds to 
completion giving excellent isolated yields through five successive cycles. 
This catalyst will be a practical alternative to expensive and toxic reagents in view of the 
following: 
 High catalytic activity. 
 The present method is simple, rapid and clean over the existing procedures. 
 Oxidation is also achieved in solvent free condition. 
 Easy separation of the catalyst by simple filtration and reusable for several cycles 
without loss of activity. 
 
Significant Achievements 
• Development of simplified and eco-friendly processes for the production of N-acyl 
amines from nitro compounds and N-Boc protected amines from azides in one-pot 
under mild conditions using Pt(0)/ZrO2 catalyst. 
• Benzyl, primary, secondary, cyclic alcohols, electron deficient phenols and amines 
are efficiently acylated by using sulphated zirconia catalyst and acetic anhydride as 
an acylating agent under solvent free conditions. 
• An efficient, selective synthesis of alcohols from carbonyl compounds by selective 
transfer hydrogenation using Ru(0)-CHNAP-MgO catalyst. 
• Oxidation of aromatic, aliphatic, cyclic, benzyl alcohols into their corresponding 
carbonyl compounds has been achieved by using ruthenium supported magnesium-
lanthanum mixed oxide as heterogeneous catalyst using molecular oxygen as the 
sole oxidant. 
